Procedural pain in the neonatal intensive care unit triggers a cascade of physiological, behavioral and hormonal disruptions which may contribute to altered neurodevelopment in infants born very preterm, who undergo prolonged hospitalization at a time of physiological immaturity and rapid brain development. The aim of this study was to examine relationships between cumulative procedural pain (number of skin-breaking procedures from birth to term, adjusted for early illness severity and overall intravenous morphine exposure), and later cognitive, motor abilities and behavior in very preterm infants at 8 and 18 months corrected chronological age (CCA), and further, to evaluate the extent to which parenting factors modulate these relationships over time. Participants were N = 211 infants (n = 137 born preterm 632 weeks gestational age [GA] and n = 74 full-term controls) followed prospectively since birth. Infants with significant neonatal brain injury (periventricular leucomalacia, grade 3 or 4 intraventricular hemorrhage) and/or major sensori-neural impairments, were excluded. Poorer cognition and motor function were associated with higher number of skin-breaking procedures, independent of early illness severity, overall intravenous morphine, and exposure to postnatal steroids. The number of skin-breaking procedures as a marker of neonatal pain was closely related to days on mechanical ventilation. In general, greater overall exposure to intravenous morphine was associated with poorer motor development at 8 months, but not at 18 months CCA, however, specific protocols for morphine administration were not evaluated. Lower parenting stress modulated effects of neonatal pain, only on cognitive outcome at 18 months. Ó
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Introduction
Early repeated procedural pain exposure in the neonatal intensive care unit (NICU) has been proposed as one of the factors that may contribute to altered development of cognition, motor function and behavior in infants and children born preterm [2,22,26], although this link has been largely speculative. Neurobiological vulnerability to pain in preterm infants is well established, due to their lower pain threshold, sensitization from repeated pain [16, 17] , and immature systems for maintaining homeostasis. The physiological perturbations associated with early prolonged exposure to episodic pain appear to contribute to altering the rapidly developing stress systems [24, 28] . Nociceptive signals during neonatal blood collection reach the cortex [8, 44] , and in rat pups, neonatal inflammatory pain may affect the cytoarchitecture of the brain [3] .
Due to plasticity of the immature nervous system, long-term effects of early exposure to negative environments may be at least partially ameliorated by positive child-rearing environment [13] . Moreover, effects of neonatal pain on stress systems appear to be prevented by increased maternal behaviors in rodents [45] . In human infants, caregiver interaction and family social context are important modulators of neurodevelopment in infants born preterm, with increasing importance of the socioeconomic and family environment over time [40] .
The aims of the present study were to evaluate whether cumulative neonatal procedural pain in very preterm infants is associated with altered cognitive and/or motor neurodevelopment at age 8 and 18 months corrected chronological age (CCA; i.e. adjusted for prematurity), and whether environmental context of parenting stress and parent-infant interaction buffers effects of neonatal pain on neurodevelopment. As a comparison group for
